Neutron scattering data are reported for II·VI zincblende crystals, which are believed to be of suf· ficient precision to refine earlier ZnS ambiguities and to provide a basis for model fitting compar· able to existing III· V results. Valence shell models, including 9-12 parameters (VSM) and a vari· able shell charge extension (VCM), were fit to the data and used to generate phonon density of states and Debye temperatures. Very good fits to the neutron data were obtained, but no model was found that also predicts an accurate set of electric and mechanical constants. It is concluded that an unambiguous ionic charge Z cannot be assigned from the neutron results in either case.
I. INTRODUCTION
This paper reports phonon dispersion measurements and analyses for two zincblende II-VI compounds, ZnTe and ZnS. The measurements were undertaken to provide accurate "state of the art" data which could be used to test physical models for II-VI cubic systems, since most studies of partially covalent-bonded zincblende structures have been limited to III-V compounds. [1] [2] [3] The ZnTe data are new 4 ; the ZnS data refine and add (finally, we hope) to earlier data, 5, 6 particularly at the zone boundaries and in the optic mode region.
The conventional dipolar shell modell, 7 is apparently inadequate in several respects when applied to the zincblende semiconductor system. A 14-parameter tensor force model has been required to simultaneously fit neutron data and predict known physical constants, and some of these are not always realistic. Despite this II. EXPERIMENTAL fact, we have exploited the model in repeated fitting attempts to (a) corroborate the experience on IlI-V compounds; (b) determine possible improvements using a variable charge model (VCM), which allows shell charges to vary with shell displacementS; and (c) obtain the best possible interpolation formulas to extract phonon densities g (v) . We assume, as we have previously, that a 12-parameter valence shell model (VSM) is essentially equivalent to the usual 14-parameter tensor force model. 6
Dispersion curves were obtained for phonons propagating in the [001], [110] , and [111] symmetry directions. The Brockhouse constant-Q method for triple axis crystal spectrometers (TACS) was used throughout. 9 Targets were maintained at room temperature, and only downscattering was observed. Initial data were taken at the 
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The ZnS targets were a 0.5 cm 3 twin-free sample cut from a twinned, natural crystal and an 18 cm 3 twinned, polymorphic sample 10 grown by vapor deposition. The 0.5 cm 3 target was used for all acoustic branch measurements while the 18 cm 3 target was used for the optic modes and for acoustic mode comparison tests. The ZnTe target was a 7 cm 3 composite of 16 single, twinned crystals, individually oriented by neutron diffraction, 2,10 and cemented together by Eastman 404 quick-set adhesive.
The final data are listed in Tables I and II . The errors listed are the statistical uncertainties assigned to individual frequencies and are generally 1%-2%. The contribution of systematic errors is believed to be negligible as a result of repeated cross comparison of calibration and target alignment. Resolution effects were minimized by careful choice of the scans. The zone center optic frequencies are in excellent agreement with optical measurements, 11-13 and the acoustic frequencies near the zone center are generally in very good agreement with the velocities of sound determined from the elastic constants. 14
III. MODEL CALCULATIONS
The models used included a 10-and a 12-parameter VSM, a 9-parameter VSM with Z fixed by ionicity predictions, 15, 16 and an ll-parameter VCM. The valence notation and cell geometry are the same as in our previous paper. 6 The shell model treatment is also the same, except that more exact expressions for Z* and a o are used, retaining polarizability coupling terms. 17 The VCM follows the expanded equations of motion as in reference. B Least square fitting to the data along [OO!;'] and [!;'!;'!;'] was done using several options: (a) with neutron data alone (denoted by subscript "a, ., Table III 
Z.
Based on numerous trials, it was found that neither the VCM nor the l2-parameter VSM made significant improvements over the 10-parameter VSM. Fixing Z at 0.25 for ZnTe and at 0.45 for ZnS, corresponding to reasonable ionicity choices, gave only a slightly inferior fit to the neutron data. The lO-parameter VSM was, nevertheless, felt to be the best overall model and was used for the final results.
Two different convergent parameter sets (minima of the fitting index 1;2) were found for both crystals, one characterized by a nearly zero negative ionic charge Z [models I, I(a)} and the other by a large positive ionic charge approaching + 2.0 [models II, II(a)]. The valence parameters and corresponding tensor force constants are given in Table III (1;2 for subscripted and unsubscripted models are different). Figure 1 shows the degree of fit for ZnTe-II and Fig. 2 shows the case of ZnS-IIa. Physical parameters calculated from all these models are compared with values given by Berlincourt 14 in Table IV The density of states and Debye temperatures were obtained from the ORNL GNU code which uses the extrapolation procedure of Gilat and Raubenheimer, 18 adapted by David L. Price for zincblende symmetry and modified by us to fit our model notation. The fitted shell model parameters are the required input. Following the precept that the most reliable g(v) is obtained from the model most accurately reproducing the dispersion curves, independent of the results of Table IV , we considered ZnTe-U and ZnS-II(a) the most appropriate inputs. The g (v) for ZnTe-Il, using 267 diagonalizations (crude mesh) is shown in Fig. 3 . Figure 4 gives g (v) for ZnS-II(a), with 389 diagonalizations. The variation of ()D with temperature is shown for ZnTe-II by the solid curve of Vagelatos, Wehe, and King: Phonon states for ZnS and ZnTe To show model sensitivity, the dashed curves corresponding to ZnTe-I and ZnS-I, respectively, are also shown. The calculations below 2 oK could be in error due to crudeness of mesh, and hence the reversed slopes there are questionable. The data points shown are measurements available in the literature. [19] [20] [21] [22] [23] [24] The C v in all cases shows the expected temperature dependence. For ZnTe-1I and ZnS-II(a), these extrapolate near melting temperature to 5.95 and 5.94 cal/mole oK, respectively.
-------------------
The present znS data are, within the errors quoted in both experiments, in agreement with Bergsma's inverse Be filter frequencies for the optic modes. 5 The largest divergence occurs for LO(X) and is 0.25 THz. The present data are in significant disagreement both with our own earlier results 6 and with Bergsma's conventional optic data, but fortify the precision of Bergsma's Be technique. We believe, also, the several reported un- certainties for points near LA(X) are now accurately resolved. If these frequencies are to be believed, then the impressive multiphonon table given by Vetelino   25 would not be satisfied.
---------------
Several conclusions can be drawn from our shell model fitting attempts. First, it is clear that our model cannot be used to establish an unambiguous ionic charge Z. We believe this will also be true for any other shell model in the dipole approximation. Second, the "high Z" models appear to require unphysical charge assignments for the deformation charges dlI and d vr , the sums being small or negative, by virtue of large negative dlI assignments. Third, the "small Z" fits for ZnTe require a negative Z*. It is patently clear that Z* is positive for ionic salts such as NaI, and it was anticipated that this would be true certainly for ZnS and probably for ZnTe. Fourth, unless e 14 and Eo are forced as fitting data, all the models are completely unable to fit both parameters simultaneously, independent of the magnitude of Z. Thus an excellent fit to the neutron data does not provide, in general, satisfactory modelling of electric parameters.
The phonon densities and resulting Debye temperatures behave rather differently for ZnTe and ZnS. For ZnTe, () D appears quite model insensitive, yet there is a Significant shift in critical pOints in g(v) between ZnTe-1 and ZnTe-I1. While g (v) for ZnTe-II shows good agreement with our observed critical frequencies, this is not the case for ZnTe -I; most of the latter acoustic peaks shift by as much as 0.2 THz. By contrast, g (v) for both ZnS-I1(a) and ZnS-1 show close agreement with each other and with our observed critical points in the acoustic region but not for the optic region. Furthermore () D is more model sensitive as seen in Fig. 6 . These differences correlate qualitatively with the data fitting disagreements for each model. In the case of ZnS, this is due primarily to the large "bump" in L 1 0 1 characteristic of "low Z" shell model results. This "bump" is in obvious disagreement with the measured frequencies.
Based on the g (v) and () D characteristics for both ZnTe and ZnS, we are led to select the "high Z" models, ZnTe-II and ZnS-II(a). The agreement with published data, though scant, appears to support this choice, although it would be desirable to repeat the Z nS data at low temperature to obtain the most precise low temperature moments of g (v) . 26 
